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Abstract
Background and Aims: Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2) associated acute liver injury (ALI) has been linked to poor outcomes in adults. 
Here we compare characteristics in children with elevated ALT (E-ALT) in two distinct 
manifestations of the infection, multisystem inflammatory syndrome-children (MIS-
C) and coronavirus disease 2019 (COVID-19).
Methods: This is a retrospective study of patients ≤21  years of age with positive 
for SARS-CoV-2 PCR. E-ALT was defined as alanine aminotransferase (ALT) > 40 U/L. 
Bivariate analysis and multivariable logistic regression were obtained to describe dif-
ferences in children with and without E-ALT in COVID-19 and MIS-C.
Results: E-ALT was detected in 36% of the 291 patients; 31% with COVID-19, and 
51% with MIS-C. E-ALT in COVID-19 was associated with obesity (P < .001), immu-
nocompromised status (P = .04), and chronic liver disease (P = .01). In the regression 
models, E-ALT in COVID-19 was associated with higher c-reactive protein (OR 1.08, 
P = .01) after adjusting for common independent predictors. Children with E-ALT and 
MIS-C were more often boys (P = .001), Hispanic (P = .04), or Black (P < .001). In MIS-
C, male gender (OR 5.3, P = .02) and Black race (OR 4.4, P = .04) were associated with 
increased odds of E-ALT. Children with E-ALT in both cohorts had significantly higher 
multiorgan dysfunction, longer hospitalization, and ICU stay. Children with MIS-C had 
2.3-fold increased risk of E-ALT compared to COVID-19. No association was found 
between E-ALT and mortality.
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1  | INTRODUC TION

The clinical manifestations of severe acute respiratory syndrome 
(SARS)-associated coronavirus 2 (SARS-CoV-2) infection are typi-
cally mild in children.1-7 However, severe symptoms and even deaths 
from Coronavirus Disease 2019 (COVID-19) can occur.8,9 A separate 
pediatric-specific clinical presentation arises in the form of an entity 
termed Multisystem Inflammatory Syndrome (MIS-C), character-
ized by a persistent acute febrile illness progressing to multiorgan 
dysfunction.10,11

The prevalence of acute liver injury (ALI) in adult patients with 
COVID-19 ranges from 15%-78%, with most studies reporting 20%-
30% among hospitalized patients.12-14 ALI, defined as an elevation 
in aminotransferases and typically presenting as hepatocellular his-
tological injury with mild acute cholestasis, has been documented 
in adults and children with SARS-CoV-2 infection. Most adult pa-
tients experience transient mild to moderate elevation of liver 
enzymes.12-16 Severe ALI (alanine aminotransferase [ALT] values 
5x above the upper limit of normal [ULN]) was reported to cor-
relate with disease severity and poor outcomes in adults, including 
death.13,17

In contrast, less is known about the association between el-
evated ALT (E-ALT) and disease severity in children with SARS-
CoV-2. In this study, we looked at elevations in ALT (E-ALT), as a 
surrogate marker for liver injury, similar to what has been done in 
adult studies.13 We previously published a focused description of 
the association of hepatitis with disease severity in a cohort of 44 
patients with MIS-C included within this report.18 We now further 
expand the scope of understanding of liver involvement in two 
clinical presentations of SARS-CoV-2. We provide critical data on 
its associating factors, epidemiology, and their contribution to the 
consequences of elevated ALT in children with COVID-19 versus 
MIS-C.

2  | METHODS

In this retrospective study, we included patients ≤21  years old 
evaluated between March 14, 2020 and June 30, 2020, in the in-
patient or outpatient clinical setting of two large children's hospi-
tals in New York City (Morgan Stanley Children's Hospital of New 
York-Presbyterian and Children's Hospital at Montefiore). The 
Institutional Review Board approved this study at both centers. All 
research was conducted following the Declaration of Helsinki guide-
lines of good practice.

Patients were identified by the international classification of 
diseases 10th revision (ICD-10) code for a positive COVID-19 test 
(U07.1) and/or by an institutional COVID-19 or MIS-C database. Only 
participants with confirmed SARS-CoV-2 infection with detection of 
the virus via nasal swab-derived real-time reverse polymerase chain 
reaction were included in the COVID-19 cohort. MIS-C was defined 
by the modified criteria of the Centers for Disease Control and 
Prevention (CDC) (see supplement).19 We excluded children without 
liver tests.

Clinical, demographic, laboratory, and anthropometric data 
were collected. We have defined E-ALT as a peak elevation of ALT 
>40  U/L, as these values were reported to fall above the 97th 
percentile for all ages and both sexes in a large cohort of healthy 
children.20 Measures of hepatic synthetic dysfunction, such as in-
ternational normalized ratio (INR) and bilirubin, were not included in 
this definition, given the multifactorial reasons for abnormal values 
in this clinical setting.13 Each patient's medical records were manu-
ally reviewed for the presence of comorbidities.

E-ALT was further categorized as mild to moderate 
(ALT > 40 ≤ 200 U/L) and severe (ALT > 200 U/L). Due to the small 
number of patients with severely E-ALT and unchanged statistical 
significance when combined with mild to moderate elevations in 
ALT, all analyses were subsequently dichotomized as E-ALT present 
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Conclusion: E-ALT with SARS-CoV-2 presents as elevated transaminases without he-
patic synthetic dysfunction. Patients with either manifestation of SARS-CoV-2 infec-
tion and E-ALT experienced more severe disease.

K E Y W O R D S

acute liver failure, acute liver injury and MISC, COVID-19 ALI in children, elevated ALT, liver 
involvement in SARS-CoV2

Lay summary

•	 Children with either COVID-19 or MIS-C who developed concomitant elevated alanine ami-
notransferase were at risk of a more severe disease course including longer hospitalization 
and ICU stay.

•	 Obese children immunocompromised and children with chronic liver disease with COVID-19 
were more frequently to develop hepatitis.

•	 Children with MIS-C had overall higher chances of getting hepatitis compared to children 
with COVID-19
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(ALT  >  40  U/L) or absent (ALT  ≤  40  U/L) within each cohort. We 
also evaluated AST, bilirubin, albumin, and INR values. Obesity was 
defined as body mass index (BMI) above 95th percentile and/or BMI 
≥30 kg/m2 as applicable. An immunocompromised state was defined 
by the presence of malignancy requiring chemotherapy or radiation, 
recipients of bone marrow or solid organ transplant, or among pa-
tients receiving other immunosuppressive therapy or biologics in-
cluding those with inflammatory bowel disease.

Student's t-test or Mann–Whitney U-test was performed for 
continuous variables. Chi-square or Fisher's exact test was used 
for categorical variables to identify differences between the pres-
ence or absence of E-ALT within each cohort (COVID-19 and MIS-
C) and to compare the differences between them. Variables were 
presented as frequency (percentage), mean with standard deviation 
(SD), or median with interquartile range (IQR), as appropriate.

Multivariable logistic regression was used to examine the po-
tential risk factors for E-ALT by cohort (COVID-19 and MIS-C) 
and for the combined data set. Clinically significant variables and/
or those with P <  .25 in bivariate analysis were selected. Due to 

the small sample size in each cohort, the association between the 
potential risk factors and E-ALT was tested sequentially, while 
controlling for age, gender, and race in each model, as well as for 
other predictors. Backward variable selection was used to com-
pare E-ALT in MIS-C to E-ALT in COVID-19 until all variables were 
significant, while controlling for age, gender, and race. P-values 
<0.05 were considered statistically significant. All analyses were 
performed using SAS 9.4.

3  | RESULTS

A total of 291 patients were included in the study: 220 (76%) and 
71 (24%) were diagnosed with COVID-19 and MIS-C respectively 
(Figure 1). Elevated ALT was detected in 36% (n = 105) of all children, 
31% (n = 69) of children with COVID-19, and 51% (n = 36) of children 
with MIS-C. Severe injury was noted in 8% and 4% of children with 
COVID-19 (Figure 1; Table S1) and MIS-C respectively. One child 
with MIS-C developed acute liver failure and recovered.

F I G U R E  1   Flow-chart of study cohort 
demonstrating the differences of ALI 
in the COVID-19 and MIS-C cohorts; A 
total of 291 patients were included in 
the study: 220 (76%) and 71 (24%) were 
diagnosed with COVID-19 and MIS-C, 
respectively. ALI was detected in 31% 
(n = 69) of children with COVID-19 and 
51% (n = 36) of children with MIS-C. 
Severe injury defined as ALT > 200 U/L 
was noted in 8% of children with 
COVID-19 and 4% of children with MIS-C, 
respectively. Abbreviations: ALI, acute 
liver injury; ALT, alanine aminotransferase; 
COVID-19, Coronavirus disease 2019; 
MIS-C, system inflammatory syndrome in 
children
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3.1 | Liver involvement in COVID-19

Children with E-ALT were significantly older, with a median age of 16 
vs 11 years (P =.001). No differences were observed in race, gender, 
or ethnicity. E-ALT was associated with obesity (P <.001), immuno-
compromised status (P =.04), presence of any malignancy (P =.01), 
and chronic liver disease (CLD) (P =.01). Underlying CLD was present 
in 13% of children with E-ALT. The etiologies of CLD in patients in 
whom prior medical history could be discerned were non-alcoholic 
fatty liver disease (NAFLD) (six patients), biliary atresia (1), liver 
transplant recipient (1), and glycogenic hepatopathy (1) (Tables 1, 2; 
Tables S1 and S2).

3.2 | Liver involvement in MIS-C

Children with E-ALT were also significantly older, with a median age 
of 9.5 vs 6  years (P  =  .01). E-ALT was associated with Black race 
(P  =  .01) and male gender (P  =  .001). Most children had no prior 
medical history and no differences in BMI were noted (Tables 1, 2; 
Tables S3).

3.3 | Liver involvement in MIS-C compared to 
COVID-19

Liver involvement in both cohorts was characterized by statistically 
significant elevation of median ALT above 2x ULN with mild cholesta-
sis. MIS-C hepatitis was associated with decreased albumin (median 
2.7, P < .001) and thrombocytopenia (mean 134, P = .01). Children 
with E-ALT and MIS-C were more frequently Hispanic (P = .04) and 
of Black race (P < .001). Cardiac dysfunction (P < .001), kidney injury 
(P = .01), elevated troponin (P = .03), higher pro-B natriuretic peptide 
(P < .001), higher median D-dimer levels (P = .01), and higher peak 
interleukin-6 (P = .04) were more frequently recorded in the MIS-C 
cohort with E-ALT (Tables 1, 2; Tables S4).

Children with E-ALT in both cohorts had a more severe disease 
course with a greater prevalence of multiorgan dysfunction (P = .001 
in both cohorts), respiratory failure (P = .001 and 0.01 in COVID-19 
and MIS-C, respectively), longer hospitalization (P < .001 and .001), 
and longer ICU stay (P  =  .01 and 0.04). No significant association 
was found between E-ALT and mortality in COVID-19 (see Table S6 
for details), and no deaths were recorded in the MIS-C cohort. In 
multivariable analysis, E-ALT in the COVID-19 cohort was associated 
with an increase in c-reactive protein (CRP) level (OR 1.08 with 95% 
confidence interval [CI] [1.03-1.15]) after adjustment for age, gen-
der, race, obesity, CLD, and ICU admission (Table 3). In the MIS-C 
cohort, male gender and Black race were associated with more than 
5- and 4-fold increased E-ALT odds, respectively, when adjusted for 
age and CRP (Table 3). The association with gender was consistent 
in all multivariable regression models; Black race was also associated 
with E-ALT when adjusted for obesity but did not reach statistical 
significance in other models (Table S5).

Children with MIS-C had 2.3× increased odds of elevated ALT 
levels than children with COVID-19 after adjusting for age and race 
(Table 4).

4  | DISCUSSION

In our study, 36% of children developed E-ALT, which was also 
associated with mild cholestasis. Irrespective of their SARS-
CoV-2 manifestations, those with E-ALT experienced more severe 
clinical courses. The association of E-ALT coupled with severe 
COVID-19 has been documented in the adult literature but only 
scarcely in pediatric literature.13,17,18,21 The E-ALT mechanism 
in SARS-CoV-2 is not fully understood, but under investigation 
are an effect of viral lesions in hepatic/cholangiocyte cells, in-
flammatory damage, hypoxic/shock-related circulatory compro-
mise, endothelial dysfunction, microthrombi formation, and drug 
toxicity.22-24 The direct viral cytopathic effect in the pathophysi-
ology of E-ALT via the cell receptors for angiotensin-converting 
enzyme II and transmembrane protease serine 2, invoked in the 
transmission of SARS-CoV-2, is supported by the demonstration 
of SARS-CoV-2 in the liver parenchyma in patients with higher 
liver enzyme elevation.25

As previously reported, children with E-ALT in the COVID-19 co-
hort more frequently carried an underlying medical condition such 
as immunocompromised state (including malignancy), or CLD, sig-
nificantly contrasting with those with E-ALT in MIS-C.3,4,26 In our 
study, although children with MIS-C had >2× higher odds of any de-
gree of elevation in ALT levels compared to children with COVID-19 
(51% vs 31%), severe elevation, defined as ALT >200 U/L was ob-
served at a higher frequency in children with COVID-19 (8% vs 4%) 
(Figure 1). A possible explanation of why a higher percentage of chil-
dren with COVID-19 (as opposed to MIS-C) had a severe elevation 
(ALT > 200 U/L) could be due to the significantly greater number 
of comorbidities that the COVID-19 population possessed that can 
contribute to hepatitis, including obesity. It mirrors prior observa-
tions that MIS-C affects previously healthy children,27 but SARS-
Cov2 can induce a severe cytokine storm with a hyperinflammatory 
state with either disease entity. The pathophysiology of organ dam-
age is unknown, although differences in cytokines and autoantibod-
ies profiles have been identified.28

Obesity was present in both cohorts, albeit significantly more 
prevalent in children with E-ALT in COVID-19. Among them, only six 
children were previously diagnosed with NAFLD. We cannot exclude 
the possibility of a higher prevalence of NAFLD within this cohort 
due to our retrospective design limitations. It has been proposed 
that patients with NAFLD may be susceptible to a worsening viral 
oxidative stress when infected with a hepatotoxic virus.29

It is worth noting that the three patients who died of COVID-19 
and developed E-ALT and the single patient in the MIS-C cohort 
who developed acute liver failure were obese (Table S6). Adult 
literature also highlights the association between clinical course 
severity and obesity in COVID-19. It further implies that increased 
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morbidity may be due to obesity-related impact on cytokine dys-
function or impaired immune response in leptin resistance, raising 
concerns that obesity influences disease behavior.30-32 This ob-
servation is particularly relevant given the increasing prevalence 

of obesity in our children and is an essential practical point for the 
bedside physician.33

Racial disparities in SARS-CoV-2 infection, including a 
higher disease prevalence and mortality among adult Blacks 

TA B L E  1   Patient characteristics in children with COVID-19 and MIS-C with and without Elevated ALT

COVID-19 MIS-C
COVID-19 vs 
MIS-Ca 

ALT ≤ 40 U/L 
(n = 151)

ALT > 40 U/L 
(n = 69) P-value

ALT ≤ 40 U/L 
(n = 35)

ALT > 40 U/L 
(n = 36) P-value P-value

Demographics

Age (years), median 
(IQR)

11 (2-17) 16 (8-20) 0.001 6 (2-10) 9.5 (6.0-13.5) 0.01 0.01

Male sex, n (%) 87 (58) 49 (71) 0.06 11 (31) 25 (69) 0.001 0.87

Hispanic ethnicity, 
n (%)

50 (43) 19 (31) 0.13 14 (48) 16 (53) 0.69 0.04

Black race, n (%) 26 (26) 7 (14) 0.08 6 (24) 13 (59) 0.01 <0.001

Comorbidities

Asthma, n (%) 25 (17) 17 (25) 0.16 2 (6) 6 (17) 0.26 0.35

Chronic liver disease, 
n (%)

4 (3) 9 (13) 0.01 0 0 - 0.03

Congenital heart 
disease, n (%)

10 (7) 2 (3) 0.35 0 0 - 0.54

Diabetes mellitus, 
n (%)

11 (7) 7 (10) 0.48 0 1 (2.8) 1.00 0.26

Immunosuppression, 
n (%)

9 (6) 11 (16) 0.02 0 0 - 0.01

Malignancy, n (%) 5 (3) 10 (15) 0.01 0 0 - 0.01

Obesity, n (%) 28 (23) 34 (54) <0.001 6 (19) 11 (31) 0.26 0.02

Clinical course characteristics

ICU admission, n (%) 28 (19) 24 (35) 0.01 15 (43) 23 (64) 0.08 0.01

ICU length of stay 
(days)b 

2.1 (±6.8) 5.3 (±12.1) 0.01 1.8 (±2.6) 3.6 (±3.9) 0.04 0.08

Hospital length of 
stay (days)b 

6.1 (± 12.1) 15.8 (± 27.1) <0.001 5 (3-7) 8 (5-10) 0.001 0.48

Multiorgan 
dysfunction, n (%)

6 (4) 12 (17) 0.001 5 (14) 11 (31) 0.10 0.12

Respiratory failure, 
n (%)

18 (12) 21 (30) 0.001 1 (3) 11 (31) 0.01 0.99

Cardiac dysfunction, 
n (%)

13 (9) 12 (17) 0.06 16 (46) 20 (56) 0.41 <0.001

Kidney dysfunction, 
n (%)

12 (8) 5 (7) 0.85 5 (14) 10 (28) 0.16 0.01

Death, n (%) 4 (3) 3 (4) 0.68 0 0 - 0.55

Therapeutic agent use

Remdesivir, n (%) 7 (5) 7 (10) 0.23 0 3 (8) 0.24 1.0

Systemic steroids, 
n (%)

17 (11) 23 (33) <0.001 26 (74) 29 (81) 0.53 <0.001

Antibiotics, n (%) 44 (51) 31 (76) 0.01 8 (80) 15 (88) 0.61 0.48

Abbreviations: ICU, intensive care unit; IQR, interquartile ranges; SD, standard deviation.
For additional variables, please see supplemental tables.
acompares children with elevated ALT values defined as ALT >40 U/L in COVID-19 vs MIS-C.
bValues reported as mean (±SD).
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and Hispanics, have been noted, but these observations are 
based on limited data.34 Population-based data from MIS-C in 
NYC also concluded a disproportionate MIS-C burden among 
Black and Hispanic children.35 It is unclear whether this finding 
represents an actual phenomenon or skewness due to missing 
race/ethnicity data for most confirmed, non-hospitalized, and 

nonfatal cases.35 We did not identify any racial differences pre-
disposing children to E-ALT in COVID-19. Black and Hispanic 
children with MIS-C were more frequently affected by E-ALT 
compared to those with COVID-19. Furthermore, children of 
Black race may be disproportionately impaired by E-ALT in 
MIS-C.

TA B L E  2   Laboratory characteristics in children with COVID-19 and MIS-C with and without elevated ALT

COVID-19 MIS-C
COVID-19 vs 
MIS-Ca 

ALT ≤ 40 U/L 
(n = 151)

ALT > 40 U/L 
(n = 69) P-value

ALT ≤ 40 U/L 
(n = 35)

ALT > 40 U/L 
(n = 36) P-value P-value

Liver tests

Median (IQR)

ALT (U/L), peak 19 (15-25) 98 (58-197) <0.001 23 (15-31) 77 (58-117) <0.001 0.16

AST (U/L), peak 31 (21-43) 78 (53-137) <0.001 30 (26-34) 88 (62-124) <0.001 0.84

Total bilirubin (mg/
dL), peak

0.4 (0.2-0.8) 0.6 (0.4-1.0) 0.001 0.4 (0.3-0.6) 0.8 (0.6-1.8) <0.001 0.02

Albumin (g/dL), 
nadir

4.3 (3.7-4.8) 3.5 (2.9-4.2) <0.001 3.3 (2.5-4.0) 2.7 (2.3-3.2) 0.02 <0.001

Coagulation tests

Median (IQR)

INR, peak n = 127 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.51 1.2 (1.1-1.4) 1.3 (1.2-1.4) 0.23 0.01

D Dimer (ug/mL), 
peak

1.2 (0.5-3.2) 2.2 (0.9-6.3) 0.05 3.0 (1.5-4.5) 4.8 (3.2-15.3) 0.01 0.01

Complete blood count

Mean (±SD)

White blood cell 
count (103/mm3), 
peak

11.0 (±6.5) 14.3 (±14.5) 0.02 16.4 (±9.7) 21.1 (±13.8) 0.11 0.02

Acute lymphocytic 
count (cells/ 
mm3), nadir

2,295 (±1,641) 1,380 (±1,150) <0.01 2,005 (±1967) 1,382 (±1234) 0.33 0.99

Platelet count (103/
mm3), peak

250 (±129) 210 (±120) 0.03 235 (±136) 134 (±96) 0.001 0.01

Inflammatory markers

Median (IQR)

CRP (mg/dL), peak 1.4 (0.5-5.7) 13.6 (3.6-23.4) <0.001 14.0 (2.9-25.2) 19.0 (6.0-30.0) 0.07 0.06

Ferritin (ng/mL), 
peak

144 (71-382) 1208 (368 
−2629)

<0.001 344 (171-531) 759 (508-1641) <0.001 0.69

IL 6 (pg/mL), peak 22.9 (7.3-78.7) 61.4 (9.0-315.0) 0.30 213.1 
(31.0-315.0)

234.6 
(86.6-315.0)

0.51 0.04

LDH (U/L), peak 287 (217-386) 464 (353-738) <0.001 315 (288-409) 370 (300-482) 0.07 0.19

Other tests

Median (IQR)

CK (IU/L), peak 138 (77-226) 223 (100-662) 0.12 120 (67-168) 280 (78-983) 0.18 0.93

Note: Clinically relevant and significant values depicted.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CRP, c-reactive protein; g/dL, gram per deciliter; 
ICU, intensive care unit; IL 6, interleukin 6; INR, international normalized ratio; IU/L, international units per liter; k/uL, kilo per microliter; LDH, lactate 
dehydrogenase; mg/dl, milligram per deciliter; mg/L, milligrams per liter; mm3, cubic millimeter; ng/mL, nanogram per milliliter; pg/ml, picograms per 
milliliter; U/L, unit per liter; ug/mL, microgram per milliliter.
For additional variables, please see supplemental tables.
acompares children with elevated ALT defined as ALT > 40 U/L in COVID-19 vs MIS-C.
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We cannot exclude that some children with COVID-19 or MIS-C 
had additional liver insults including ischemia, congestion, and/
or drug-induced liver injury (DILI). No differences in antibiotics or 
Remdesivir use between children with and without E-ALT in both 
cohorts were observed, making DILI less probable.

There are multiple strengths to our study. We have analyzed one 
of the largest North American cohort of pediatric patients with E-
ALT in MIS-C, and COVID-19 admitted to two tertiary care centers 
in a former epicenter of the pandemic. Our centers follow similar 
protocols for diagnosis, treatment, and management and serve di-
verse patient populations, allowing us to generalize the laboratory 
values and scrutinize patients' disease courses across both centers.

Our study cohort is significantly smaller than those of adult stud-
ies, limiting our ability to model all predictors of E-ALT used in mul-
tivariate analyses of adult populations. Additionally, we were unable 

to evaluate the full impact of CLD in the full etiology of elevated ALT 
levels due to lack of preadmission laboratory tests and imaging. Our 
study, similarly, to others, is burdened by missing race/ethnicity data 
due to retrospective design.

In conclusion, liver involvement associated with SARS-CoV-2 in-
fection typically leads to a temporary moderate elevation of liver 
tests without significant hepatic synthetic function impairment. 
Patients with SARS-CoV-2 infection and E-ALT are at risk of a more 
severe disease course including longer hospitalization and ICU stays. 
Children require careful management and monitoring through-
out their hospitalization and thereafter to establish resolution of 
elevated ALT values. Further studies need to provide mechanistic 
insights into the pathophysiology of underlying liver injury in both 
conditions.
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